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DISCLAIMER

This recovery plan has been prepared by the Hine's emerald dragonfly Recovery Team under the
leadership of Dr. Dan M. Johnson with assistance in writing the document by Deanna Zercher of
the Illinois Natural History Survey in Champaign, Illinois. The purpose of the plan isto delineate
reasonable actions needed to restore and/or protect the endangered Hine's emerald dragonfly
(Somatochlora hineana). Recovery objectives will be attained and funds made available subject
to budgetary and other constraints affecting the partiesinvol ved, aswell asthe need to address other
priorities.

The plan does not necessarily represent the views or official position of any individualsor agencies
involved in plan formulation, other than the U.S. Fish and Wildlife Service (USFWS). The
approved recovery planwill be modified asdictated by new findings, changesin species status, and
the completion of recovery tasks.

Literature citations should read as follows:

U.S. Fish and Wildlife Service. 2001. Hine's Emerad Dragonfly (Somatochlora hineana)
Recovery Plan. Fort Snelling, MN. 120 p.

Additional copies of this plan can be purchased from:

U.S. Fish and Wildlife Reference Service
5430 Grosvenor Lane, Suite 110
Bethesda, Maryland 20814
301-492-6403 or 1-800-582-3421

TTY users may contact the Fish and Wildlife
Reference Service through the Federal Relay
Service at 1-800-877-8339

Document costs vary according to number of pages.
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EXECUTIVE SUMMARY
Hine's Emerald Dragonfly Recovery Plan

Current Status: The Hine's emerald dragonfly, Somatochlora hineana, was listed as
endangered in January 1995. Extant Hine's emerald dragonfly populations are currently known
to persist in lllinois, Wisconsin, Michigan, and Missouri. The Illinois population is the most
genetically diverse, and the Wisconsin populations are the largest and presumably most secure.
Information on the status of the Michigan and Missouri populations is limited because of their
recent discoveries. Historically known from Ohio and Indiana, it is thought to be extirpated
from these states.

Habitat Requirements and L imiting Factors: The Hine's emerald dragonfly occupies
marshes and sedge meadows fed by cal careous groundwater seepage and underlain by dolomite
bedrock. In general, these areas are characterized by the presence of slowly flowing water and
nearby or adjacent forest edges. Known occupied habitats are currently restricted to the lower
Des Plaines River valley, in lllinois; northeastern Door County and Cedarburg Bog, Wisconsin;
areas of the Hiawatha National Forest, in the Upper Peninsula of Michigan, three areas in the
Lower Penninsula of Michigan, and at three fensin Missouri. Loss of this already rare and
restricted habitat to agriculture, commercial and industrial development is the primary cause of
the species’ decline. Loss of remaining habitat from the same pressures, combined with
successiona change in the existing habitats and disruption of ecological and hydrological
processes, are threats to surviving populations.

Recovery Objectives: The objective of this recovery plan isto restore the Hine' s emerald
dragonfly to viable populations so that it may be removed from the Federal list of Endangered
and Threatened Wildlife and Plants.

Recovery Criteria: Each of the two Recovery Units contains a minimum of three popul ations
composed of at least three subpopulations. Each subpopulation contains a minimum of 500
reproductive adults for 10 consecutive years. Within each subpopulation, there are at least two
breeding habitat areas, each fed by separate seeps and/or springs. For each population, the
habitat supporting at least three subpopul ations should be legally or formally protected and
managed for Hine's emerald dragonfly, using long-term protection mechanisms such as
watershed protection, deed restrictions, land acquisition, or nature preserve dedication. In
addition, mechanisms protecting the up gradient groundwatershed should also be in place.

Actions Needed:

Protect and manage extant popul ations

Conduct studies

Conduct searches for additional Hine's emerald populations
Conduct an information and education program

Conduct areintroduction and augmentation program
Review and track recovery progress
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Total Cost of Recovery: Thetotal estimated cost for the recovery actions outlined in this plan

is$13,163,000. These recovery actionswill benefit not only the Hine's emerald dragonfly, but

entire natural communities and other environmental amenities such as drinking water. Many of
the actions described in this recovery plan are already funded by existing programs in agency

and private organization budgets. The cost estimate represents expenditures over a 20 year time
period.

Date of Recovery: Full recovery of this species could occur within 10 years of initially meeting
the recovery criteriafor delisting. It is anticipated that recovery could occur as soon as 2019.
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PART I. INTRODUCTION

The Hine's emerald dragonfly, Somatochlora hineana Williamson, also known as Ohio emerald,
Hine's bog skimmer, and hook-tipped emerald, is among the most endangered dragonfliesin the
United States (Bick 1983, Cashatt 1991). Hine's emerad dragonfly is currently known to occur
in lllinois, Wisconsin, Michigan and Missouri. Historically, this species was known to occur in
three areas of Ohio, and one sitein Indiana. One specimen was collected in Alabama. Since
1961, Hine' s emerald dragonfly has not been collected from Ohio or Indiana, and it is believed
to be extirpated from these States.

Based on itslimited distribution and need for protection, the Hine's emerald was proposed for
Federa listing as endangered on October 4, 1993 (USFWS 1993a) and was listed as endangered
under provisions of the Endangered Species Act of 1973 (ESA), as amended, on January 26,
1995 (USFWS 1995). Departments of Natural Resourcesin Illinois, Wisconsin, and Ohio list
this species as state endangered (Herkert 1992, ODNR 1997, WDNR 1997). This speciesis
proposed for listing as state endangered in Michigan. The International Union for the
Conservation of Nature (IUCN) aso lists Hine' s emerald dragonfly as endangered (Moore
1997), and The Nature Conservancy lists this species as globally imperiled (USFWS 1995).

The Hine's emerald dragonfly is apparently restricted to wetland habitats characterized by thin
soils over dolomite bedrock with marshes, seeps, and sedge meadows. Fragmentation and
destruction of suitable habitat are believed to be the main reasons for this species’ endangered
status and continue to be the primary threats to its recovery. The known breeding sitesin
[llinois occur aong the Des Plaines River floodplain, which has been fragmented by industrial
and urban development (Cashatt 1991). In Wisconsin, land development for agriculture, light
industry, and tourism are principal threats (Vogt and Cashatt 1990). Off-road vehicle use and
possibly logging, creation of water impoundments, real estate development, road devel opment
and maintenance, pipeline construction, and changes in hydrology, are potential threatsin
Michigan (Steffens 1997). In addition, the speciesis vulnerable to loss of habitat caused by off-
site hydrology alterations and groundwatershed development affecting the groundwater-fed

seeps and springs.

TAXONOMY AND DESCRIPTION

Order Characteristics: Order Odonata (dragonflies and damselflies) is cosmopolitan and
includes at least 5,309 species (Bridges 1994). Dragonflies and damselflies are characterized by
two pairs of large membranous wings; large compound eyes; short, bristle-like antennag;
chewing mouth parts; slender, elongate abdomens; and male secondary reproductive organs.
Larvae (nymphs, naiads) are predominantly aguatic and characterized by tracheal gillsand a
large hinged labium (lower lip). Somatochlora hineana isin the Family Corduliidae
(“emeralds’) which includes 384 species. Of 39 described species of Somatochlora, 26 occur in
North America (Bridges 1994).

Adult Characteristics: Hine's emerald, like many other members of its family, has brilliant
green eyes. It isdistinguished from all other species of Somatochlora by its dark metallic green
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thorax with two distinct creamy-yellow lateral lines, and distinctively-shaped male terminal
appendages and female ovipositor (Figure 1) (Williamson 1931). Adults have a body length of
60-65 millimeters (mm) (2.3-2.5 inches) and a wingspan of 90-95 mm (3.5-3.7 inches). The
wings are clear and may have an amber hue towards the base of the hind wings. Other species
of Somatochlora that occur in the same range and may be confused with Hine's emerald
dragonfly, S hineana, include S linearis, S tenebrosa, S ensigera, S elongata, and S
williamsoni (Walker and Corbet 1975, Needham and Westfall 1954). However, distinctive
shapes of terminal appendages and ovipositors separate adults of this species from al others
(Figures 1B and 1C).

Two characteristics change with the age of the Hine's emerald dragonfly. After emerging as an
adult, the eyes are initially brown and turn emerald green within 1 to 3 days. Toward the end of
the adult life span, the wings may turn from clear to aslightly opague, smokey color.

Larval Characteristics. No one character has been found that will easily and reliably
differentiate larvae of Hine's emerald dragonfly (Figure 2) from the species listed above.
Among the species with middorsal hooks, S. elongata, S linearis, S minor, and S tenebrosa are
often the most difficult to distinguish from S. hineana. Most S hineana specimens may be
distinguished from most other Somatochlora by the presence of a small middorsal hook on
segment three. However, S. minor also has amiddorsal hook on segment three, while S
elongata, S. linearis, and S. tenebrosa occasionally have a small or vestigial middorsal hook on
this tergite. Other characters include head width, metatibial length, palpal crenulation setae, and
total length. A detailed discussion is presented in Cashatt and Vogt (2001). Soluk et al. (1998)
described the distinguishing features of S hineana larvae from other larval dragonfly speciesin
Door County, Wisconsin, as “the size of the dorsal hooks on the abdomen, general hairiness,
shape of head, and lack of stripes on thelegs.” The earliest instars of S. hineana larvae have
fewer dorsal hooks than later instars.



Figure 1. Adult Hine's emerald dragonfly (Somatochlora hineana). Images from Williamson
(1931), courtesy of the University of Michigan Museum of Zoology.

A. Lateral view of adultvrisie without wings. Actual length ranges from 60-65 mm (2.3-2.5 inches).

B. Latera view of female C. Lateral view of male
abdominal tip. abdominal tip.

Figure 2. Larval Hine' semerad dragonfly. Illustrations by Julie Snider, courtesy of the Illinois
State Museum.

Dorsal Hook

s7 s8 |[s9

A

<>
bdomenal Se;
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A. Dorsd view of larval S hineana. Actua size of find instar
larva ranges from 23.5-25.0 mm (0.92-0.98 inches).



PRESENT AND HISTORICAL DISTRIBUTION

Currently, populations of Hine's emerald dragonfly occur in Wisconsin, Illinois, Michigan, and
Missouri (Figure 3). Appendix 2 provides alist of the sites surveyed for Hine's emerald
dragonfly, the years visited, years when Hine's emerald dragonfly was observed, life stage,
behavior, and sampling effort expended at each site.

Distribution by State and County:

[llinois: Nine sitesin Will, Cook, and Du Page Counties

Wisconsin: Twenty sitesin Door, Kewaunee and Ozaukee Counties

Michigan: Ten sitesin Mackinac, Presque Isle, and Alpena Counties.

Missouri: Three sitesin Reynolds and Iron Counties.

Ohio: Believed extirpated. Historically collected from Lucas, Logan, and Williams Counties.
Indiana: Believed extirpated. One specimen historically collected from Lake County in 1945.
Alabama: Believed extirpated. One specimen historically collected from Jackson County in
1978.

Present Distribution:

[llinois: Hine's emerald dragonfly inhabits nine sitesin Will, Cook, and DuPage Counties,
[llinois (Figure 3). Breeding behavior has been observed at five sitesin Will County: Keepataw
Forest Preserve, Lockport Prairie Nature Preserve, Long Run Seep Nature Preserve, Middle
Parcel and River South Parcel in Yard 61 at Material Service Corporation, and at two sitesin
Cook County: Black Partridge Woods Nature Preserve and McMahon Woods. Two sites where
Hine' s emerald dragonfly adults have been observed foraging or in transient flight are
Romeoville Prairie Nature Preserve in Will County and Waterfall Glen Forest Preservein Du
Page County. Figure 4 illustrates the relative location of the lllinois sites. All nine sites are
within 20 kilometers (km) (about 12 miles) of each other, within 4 km (2.5 miles) of the Des
Plaines River, and occur in the Des Plaines River watershed.

Wisconsin: Hine's emerald dragonfly inhabits 20 sites in Door, Kewaunee and Ozaukee
Counties, Wisconsin (Figure 3). The dragonfly breeds at nine sitesin Door County: Arbter
Lake, Big Marsh (Washington Isalnd), Ephraim Swamp, Mud Lake “North” at Lime Kiln Road,
Mud Lake “South,” North Bay, The Ridges Sanctuary, Three Springs Creek, and the Upper
Mink River. The dragonfly also breeds at one site in Ozaukee County: Cedarburg Bog (Vogt and
Cashatt 1990, Kirk and Vogt 1995, Soluk et al. 19983, Kathy Kirk, pers. comm. 2001, Dan
Soluk, Illinois Natural History Survey, pers. comm. 2001, Gretchen Meyer, Cedarburg Bog
Field Station, pers. comm. 2001). Breedingisalso likely at the Kellner Fen in Door County
(Mike Grimm, The Nature Conservancy, pers. comm. 2001) and the Black Ash Swamp in
Kewaunee County (Kathy Kirk, pers. comm. 2001). Hine' s emerald dragonfly adults have been
recorded from eight additional Door County locations where they have been seen foraging,
perching or in transient flight: Bailey’ s Harbor Township marsh, Bailey’ s Harbor Swamp, Mud
Lake “North”at Pioneer Road, Mud Lake “North” near Grove Road, Piel Creek, Toft Point and
near Spring Road (Soluk et al. 1998, Mike Grimm, pers. comm. 2001, Janice Stiefel, pers.
comm. 2001). Roadkill specimens of the dragonfly have also been collected along County Q
Road, State Highways 42 and 57 in Door County and County Road X in Kewaunee County
(Soluk et al. 1998a, Paul Burton, pers. comm. 2000, Kathy Kirk, pers. comm. 2001).
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Distribution of Hine's Emerald Dragonfly

Presque Isle

Alpena

v
"" Counties Where
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EEEEH Single Specimen
l:] Extirpated
—Heynolds

Figure 3. Present number of Hine's emerald dragonfly sites per county in the Great Lakes
Region. All historic occurrences and single specimens collected are included in this map.



The Door County sites from Big Marsh (Washington Island) to Kellner Fen (near Sturgeon Bay)
occur within a69 km (43 mile) stretch in Door County. The furthest distance between two sites
is approximately 20 km (12.5 miles), and the magority of the sites are within a 10 km (6.2 mile)
radius. All of these areas are less than 6 km (4 miles) from the Lake Michigan shoreline. The
Black Ash Swamp in Kewaunee County lies 18 km (11 miles) south of Kellner Fen, and the site
furthest south in Wisconsin, Cedarburg Bog, islocated 142 km (88 miles) south of Kellner Fen.

Michigan: Hine's emerald dragonfly inhabits atotal of 10 sitesin Michigan in Mackinac,
Presgue Isle, and Alpena counties (Figure 3). Seven of these sites occur in the Upper Peninsula
in the Hiawatha National Forest, Mackinac County. These sites are Acklund Road, Brevort
Lake Road, Horseshoe Bay, I-75 East, 1-75 West, Martineau Creek SW, and Summerby Swamp
(Steffens 1997, 1998). A roadkilled specimen was collected aong Inglesbe Road north of
Mackinac Trail and could represent either a new location or a wandering specimen (Steffens
1997). All areas within the National Forest are located within 12 km (7.4 mile) radius. During
1999 surveys, three new Hine's emerald sites were discovered: Snake Island Fens on Bois Blanc
Island in Mackinac County, Loop 2 Fen at Thompson's Harbor State Park in Presque Isle
County, and Misery Bay in Alpena County (Steffens 1999). These sites are approximately 37,
111, and 151 km (23, 69, and 94 miles), respectively, from the closest site in the Upper
Peninsula (Steffens 1999).

Missouri: Hine' s emerald dragonfly inhabits three sites in Missouri, the Grasshopper Hollow
Natural Areaand Ruble Meadow in Reynolds County and Barton Fenin Iron County (L. Trial,
Missouri Department of Conservation, pers. comm. September 2001).

Collection History and Historical Distribution:

Hine's emerald dragonfly was first described in 1931 from specimens collected near Indian
Lakein Logan County, Ohio, in 1929 and 1930 (Williamson 1931). Hine's emerald dragonfly
has also been collected in Ohio from Lucas County within the Maumee River watershed, and
Williams County within the St. Joseph River watershed (Figure 3) (Price 1958, Glotzhober
1995). Numerous individuals were collected from the site in Lucas County between 1952 and
1961. Only asmall number of individuals were collected at the other sites. Hine's emerald
dragonfly may have been extirpated from Ohio. The habitats at the Ohio sites have since been
severely adtered and Hine's emerald dragonfly has not been found again at these sites
(Glotzhober 1995, Moody 1995). Suitable habitat may still be found in northwest Ohio,
northeastern Indiana, or southern Michigan (Moody 1994).

Only one Hine's emerald dragonfly specimen has been recorded from Indiana, collected by
William Kowlek from Gary, Lake County, in 1945 (Figure 3) (Montgomery 1953). Currently,
thisareais highly polluted from industry and steel mills, and if a viable population existed at
thissite, it is highly probable that it has been extirpated (Bick 1983). In 1995, visits to potential
habitats in Lake County were unsuccessful in locating any Hine's emerald dragonflies. A single
adult male was collected in 1978 from Jackson County in northeastern Alabama (Vogt and
Cashatt 1994).

Ronald J. Panzer collected thefirst Illinois specimen of Hine's emerald dragonfly in 1983
during an insect survey at Lockport Prairie Nature Preserve. The specimen was identified as
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this speciesby Tim E. Vogt in 1987. Hine's emerald dragonfly was first collected from
Wisconsin in 1987 by William A. Smith near the Mink River in Door County (Vogt and Cashatt
1990). In 1997, Wayne Steffens collected the first Michigan specimen of this species during a
Hine's emerald dragonfly status survey of the Upper Peninsula (Steffens 1997). This discovery
extended the known range of Hine's emerald dragonfly approximately 200 km (124 miles) to
the northeast from previously known locations in the Door Peninsula, Wisconsin. 1n 1999,
Linden Trial collected an adult male Hine's emerald dragonfly from the Grasshopper Hollow
Natural Area, in Reynolds County, Missouri. This specimen was sent to Tim Vogt for
identification that same year. Grasshopper Hollow is approximately 603 km (375 miles)
southwest of the Illinois site and almost as far northwest of the Alabama collection.

The full extent of the historical range of this speciesis unknown. Hine's emerald dragonfly had
not been known to occur in Michigan prior to 1997, yet searches of potentially suitable habitat
located a population in the Upper Peninsulaof Michigan. It isimportant to identify a potential
range for this species to guide searches for remaining undiscovered extant populations of Hine's
emerad dragonflies. Information on the potential historical range of this species and guidelines
for surveys are presented in Appendix 3.

STATUSOF EXTANT POPULATIONS

In order to describe the status of extant populations of Hine's emerald dragonfly, the following
terminology will be used to distinguish between populations and subpopulations, and the sites at
which these occur. A population is defined as a group of individuals of the same species,
coexisting at the same time and in the same geographic area, and capable of interbreeding
(Purves et al. 1998). For example, the Hine's emerald dragonfly individualsin the lower Des
Plaines River valley, Illinois, would constitute a population, the individuals in Door County,
Wisconsin, would constitute a second population, and the individuals in Mackinac County,
Michigan, would constitute athird population. Populations are distinguished from each other by
being separated by large distances (e.g., 50 km (31 miles) or more) and having alow probability
of genetic exchange.

A subpopulation in most cases would be defined as alocal population occurring at a specific
geographic site (e.g. Lockport, The Ridges, etc.). A subpopulation would be relatively
self-sustaining (Pulliam 1988; Pulliam and Danielson 1991). If afew individuals occur at a
specific site primarily due to the immigration from a source population, that would not
constitute a subpopulation. In addition, over the course of several years, the combination of
birth and immigration minus death and emigration in a subpopulation should balance out to
have a non-negative growth rate. In cases where larval habitat constitutes what appears to be
separate subpopulations, but adult habitat is contiguous (e.g., Middle Parcel, River South, and
Lockport), the geographic area used by the adults would define the edges of the subpopulation
because it will be assumed that the adults are freely using the entire area and genetically mixing
(Figure 4). Similarly, aroad that cuts through an otherwise contiguous habitat would not create
two subpopulations. These two areas would be considered one subpopulation.
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It is assumed that a sustainable subpopulation requires more than one breeding area and more
than one seep head or spring located within the breeding area inhabited by the subpopulation.
Breeding areas are important to the survival of this species and to the individual subpopulations
the breeding areas support. Having at least two breeding areas would reduce the chances of
losing an entire subpopulation if one of the breeding areas became unsuitable and unable to
support reproduction. Male territorial patrols, oviposition, larvae, exuviae, or teneral adults,
indicate that Hine's emerald dragonflies breed at a site.

Lack of sufficient information on demographics, dispersal, and status of populations has made it
difficult to determine the population dynamics of Hine's emerald dragonfly. The patchy nature
of habitat in Illinois and Wisconsin suggests a metapopulation structure, where there are groups
of local breeding populations, each affected by some level of dispersal among these groups so
that a metapopul ation may be viewed as being composed of several smaller populations (Hanski
and Simberloff 1997). Accordingly, metapopulation theory (Hanski and Gilpin 1997) has been
used as areference for establishing viability recovery criteria. The term “metapopulation” is not
used in this plan to define units of Hine's emerald dragonfly populations because it is unclear
how much migration and/or dispersal actually occurs among populations and subpopulations. It
Is assumed that dispersal between populations on the order of 10 km (6.2 miles) apart would be
feasible for this species, but it is assumed that populations separated by distances of greater than
50 km (31 miles) would not have frequent exchange of individuals. It isnot known, however,
whether dispersal between subpopulations actually occurs or whether this species resembles a
metapopul ation solely due to habitat fragmentation. Subpopulations of species characterized by
metapopul ation dynamics are also assumed in many cases to have separate, independent fates.
There is not yet enough information about the trends in each Hine's emerald dragonfly
subpopulation to determine if thisisthe case.

Mierzwa et al. (1997) suggested that the mainland-island metapopulation model appears to fit
the lower Des Plaines River valley population in Illinois the best. However, insufficient
information on the Hine's emerald dragonfly’ s population dynamics, dispersal capabilities, and
habitat stability do not allow researchersto confidently identify the importance or lack of
importance of any of the sites. For example, in lllinois, the sites with the larger population sizes
that could be identified as a mainland subpopulation occur within arelatively small
groundwatershed, perhaps leaving this subpopulation at risk of extirpation from extreme
drought or hydrologic changes due to development. If the larger subpopulation becomes
extirpated or reduced in size, the sites with smaller Hine’'s emerald dragonfly population sizes
may be critical to the survival of the lower Des Plaines River valley population as awhole if
they serve as recruitment sources for the larger subpopulation. Until sufficient information is
known about Hine' s emerald dragonfly’ s popul ation structure, sites with smaller population
sizes should be considered important for the maintenance of the species.

[llinois:

The River South Parcel and Lockport Prairie Nature Preserve, located less than 1 km (0.62
miles) apart, support the greatest numbers of Hine's emerald dragonfliesin Illinois (Mierzwa et
al. 1995b, 1998). Population numbers at the remaining sites are relatively low.



Lockport Prairie Nature Preserve and River South Parcel support the largest and second largest
number of larvae and exuviae (Table 1). Onelarvawas found at Keepataw Forest Preserve, and
exuviae were found at Middle Parcel (Cashatt et al. 1992, Soluk et al. 1996, 1998a, and
Mierzwa et al. 1995b, 1998).

Wisconsin:

Three adult populations of the Hine's emerald dragonfly have been surveyed in Wisconsin to
date, al in Door County. Of the three populations surveyed, the Ridges Sanctuary supported the
largest population size (Vogt and Cashatt 1990, 1992; WDNR 1993). Mud Lake “North” and
Three Springs Creek ranked second and third, respectively, in adult population size estimates
(Table 2).

Mud Lake “North” had the highest density of Hine's emerald dragonfly larvae of the three sites
sampled: Mud Lake “North,” North Bay, and The Ridges Sanctuary (Table 1). The difficulty in
locating larvae within the large area of potential larval habitat at The Ridges Sanctuary could
explain why very few individuals have been collected from this site.

Since these studies, additional Hine's emerald dragonfly sites have been found that may support
significant dragonfly populations including Cedarburg Bog (Ozaukee County), Black Ash
Swamp (Kewaunee County) and Ephraim Swamp (Door County).

Michigan:

No attempt to determine population size has been made in Michigan. Steffens (1997, 1998)
observed dragonfly breeding behavior, territorial patrol and oviposition, at four sites (Ackland
Road, I-75 Eagt, I-75 West, and Martineau Creek SW), and possible oviposition at two sites
(Horseshoe Bay and Brevort Lake Road). The number of Hine's emerald dragonflies observed
at each site ranged from one to four individuals. Steffens (1999) observed Hine's emerald
dragonflies patrolling and feeding at Snake Island Fens, Loop 2 Fen, and Misery Bay. At least
15 adults were observed at the Snake Island Fens, the most ever observed at one timein
Michigan (Steffens 1999). Surveys are being conducted to monitor the presence of Hine's
emerad dragonfly at existing sites and de novo surveys are planned at sites with potential
habitat. To date, no larval surveys have been conducted in Michigan.

Missouri:

No attempt to determine population size has been made in Missouri to date because new sites
are being discovered. 1n 1999, Linden Trial collected an adult male Hine's emerald dragonfly
from the Grasshopper Hollow Natural Area, in Reynolds County, Missouri. This specimen was
sent to Tim Vogt for identification that same year. Two new sites were verified in Missouri in
2001, Ruble Meadow in Reynolds County and Barton Fen in Iron County. Reynolds County is
approximately 603 km (375 miles) southwest of the Illinois sites and amost as far northwest of
the Alabama collection.
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Table 1. Hine's emerald dragonfly larval abundance and sampling effort in Illinois and
Wisconsin (Soluk et al. 1996, 1998, unpub. data, Mierzwa et al. 1998).

No. Larva/No. Samples
Location 1996 1997 1998
River South, IL NSC 39/54 TBA
Lockport Prairie NP, IL 37/210 35/454 10/298
Long Run Seep NP, IL NSC 0/28 0/11
Middle Parcel, IL NSC 0/11 TBA
Waterfall Glen FP, IL NSC 0/13 NSC
Keepataw FP, IL 0/33 127 0/25
The Ridges Sanctuary, WI 0/20 0/36 1/22
Mud Lake “North,” WI 7/19 52/138 264/159
North Bay, WI 2/23 1/12 NSC

TBA=To be announced; NSC=No survey conducted

Table 2. Hine'semerald dragonfly adult population survey results. Adult population survey at
three Hine's emerald dragonfly sites in Wisconsin and two sitesin Illinois using a mark-
resighting method (Kirk and Vogt 1995, Mierzwaet al. 1995a, Cashatt and Vogt 1996). Fisher-
Ford trellis model was used to calculate population estimates. The total annual adult population
size at each site may be estimated by multiplying the Average Daily Population Estimate by a
factor of 30 (Gall 1984, Watt et al. 1977).

Average Daily No. of No. of
oonasae | D3| P | indudels | Resgu
Estimate
The Ridges Sanctuary, WI 2938 159-5607 635 28
Mud Lake “North,” WI 1699 169-2276 240 12
Three Springs Creek, WI 141 25-374 62 6
Lockport Prairie, IL 57 15-329 71 17
River South Parcel, IL 100 15-209 110 11
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Genetic Diversity:

The Illinois population of Hine's emerald dragonflies contains the highest genetic diversity, as
measured by numbers of different sets of maternal genes, or haplotypes (Purdue et al.1996). Six
different haplotypes occur in the Illinois population. Three of the Illinois haplotypes are found
only at Lockport Prairie Nature Preserve, and two are found only at the River South Parcel. The
Wisconsin and Michigan populations are composed entirely of a seventh haplotype, which is not
found in Illinois (Purdue et al.1996, Illinois Natural History Survey (INHS), unpub. data) . This
suggests that females do not disperse between Illinois and Wisconsin or Michigan. Because this
genetic analysisis based on genetic material inherited from the mother, it offers no information
about whether males are dispersing between Illinois and Wisconsin or Michigan.

Tests conducted on specimens collected in Ohio and Alabama revealed that the Alabama

hapl otype was indistinguishable from the Wisconsin and Michigan haplotype, indicating alink
between the Alabama specimen and the Wisconsin and/or Michigan populations (Purdue et
al.1996). Analysesof Ohio’s specimensindicate arelatively high level of genetic diversity with
hapl otypes being shared with the Illinois, Wisconsin, and Michigan populations. Specimens
collected in 1999 from a site in Missouri and a site in southern Wisconsin each represented an
additional unique haplotype (J. Purdue, Illinois State Museum, pers. comm.).

Genetic analysis of haplotype distribution in related Somatochlora species, S. tenebrosa, S.
linearisand S. ensigera, have revealed a pattern similar to S. hineana, with greater diversity
occurring in the unglaciated southern portion of the species’ range, and lower diversity,
probably indicating some interaction of post glacial dispersal into these areas and genetic drift,
in the northern glaciated portion (Purdue et al.1999).

LIFE HISTORY AND ECOLOGY

Life Cycle:

Thelife cycle of Hine'semerad dragonfly is similar to most dragonfliesin that it is comprised
of the following stages: aquatic egg, aguatic larva, and aterrestrial/aerial adult (Corbet 1962). A
Hine's emerald dragonfly female will most likely lay more than 500 eggs during her life (D.
Soluk, Illinois Natural History Survey, pers. comm. 1999). After an egg is hatched, the larvae
may spend 2 to 4 yearsin small streamlets, foraging and molting as they grow (Soluk et al.
1996, 19984). Upon completion of larval development, the larvae begin to emerge as adults,
possibly as early as late May in lllinois and late June in Wisconsin and continue to emerge
throughout the summer (Vogt and Cashatt 1994, Soluk et. al. 1996, Mierzwa et al. 1997). The
first emergence date can be estimated using temperature and precipitation data (Mierzwa et al.
1995a). The Hine's emerald dragonfly’ s known flight season lasts up to early October in Illinois
(Vogt and Cashatt 1994, Soluk et al. 1996) and to late August in Wisconsin (Vogt and Cashatt
1994). Fully adult Hine' s emerald dragonflies can live at least 14 days (Soluk et al. 1996), and
may live 4 to 6 weeks (Mierzwaet al. 1995b). Aswith most dragonflies, adult Hine's emerald
dragonflies feed, establish territories, mate, and oviposit